The retailer's optimal policies are developed when the product has fixed lifetime and also the units in inventory are subject to deterioration at a constant rate. This study will be mainly applicable to pharmaceuticals, drugs, beverages, and dairy products, and so forth. To boost the demand, offering a credit period is considered as the promotional tool. The retailer passes credit period to the buyers which is received from the supplier. The objective is to maximize the total profit per unit time of the retailer with respect to optimal retail price of an item and purchase quantity during the optimal cycle time. The concavity of the total profit per unit time is exhibited using inventory parametric values. The sensitivity analysis is carried out to advise the decision maker to keep an eye on critical inventory parameters.
Introduction
In business transactions, the offer of settling dues against the purchases without any interest charges from the supplier is attractive for the retailer. During this permissible delay period, the retailer can sell the item and generate the revenue and incur interest on it by depositing in the bank or financial firms. Goyal [1] developed a mathematical model to compute economic order quantity when delay in payments is permissible. The literature review by Shah et al. [2] gave upto-date references on trade credit and inventory modeling. Sarkar et al. [3] developed an inventory model considering trade credit and price discount offer.
Huang [4] established that the retailer is further beneficial if the credit period which is received from the supplier is passed onto the customers. The economic order quantity is computed when the supplier offers the retailer a credit period and the retailer passes a credit period to the customers with < . This scenario is known as two-level trade credits. Huang [5, 6] extended the above model with floor constraint and finite replenishment rate, respectively. Teng and Chang [7] analyzed the two-level trade credit scenario by relaxing the assumption < Pal et al. [8] analyzed three-stage trade credit policy in a three-layer supply chain.
Another important parameter for inventory modeling is deterioration of items, namely, volatile and radioactive chemicals, medicines and drugs, fruits and vegetables, electronic gadgets, and so forth. Ghare and Schrader [9] gave first inventory model for exponentially decaying items. Shah et al. [10] , Goyal and Giri [11] , and Bakker et al. [12] collected articles on deteriorating inventory modeling. Leśniewski and Bartoszewicz [13] applied the control-theoretic approach to design a new replenishment strategy for inventory systems with perishable stock. Sana [14] discussed an article on optimal selling price and lot size with time varying deterioration and partial backlogging. Most of the articles cited in these reviews considered infinite lifetime of the product.
Actually, every product (including human being) has its maximum lifetime [3, [15] [16] [17] [18] [19] .
In this paper, we analyze an EOQ model for the retailer under the following assumptions: (1) items in inventory are deteriorating continuously and have maximum lifetime and (2) the retailer follows two-level trade credit financing. The goal is to maximize total profit per unit time for retailer with 2 International Journal of Mathematics and Mathematical Sciences respect to cycle time. Finally, we carry out sensitivity analysis to study the effects of an inventory parameter at a time on optimal solution. Based on it managerial insights are discussed for the retailer. The paper is organized as follows. The introduction is given in Section 1. In Section 2, notations and assumptions are listed to formulate the proposed problem. Section 3 is about derivation of profit function. In Section 4, numerical examples and sensitivity analysis are carried out to validate the mathematical model. The conclusion and the future scope of the developed model are exhibited in Section 5.
Notations and Assumptions
We will use following notations and assumptions to develop the mathematical model of the problem under consideration.
Notations
: constant demand rate, 
Assumptions
(1) The inventory system under study deals with deteriorating items having expiry rate. The deterioration rate tends to 1 when time tends to maximum lifetime . Following Sarkar [20] , Chen and Teng [21] , and Wang et al. [22] , the functional form for deterioration rate is
There is no repair or replacement of deteriorated items during the cycle time.
(2) The planning horizon is infinite. 
Mathematical Model
The retailer's initial inventory of units depletes to zero at = due to combined effect of demand and time-dependent deterioration. Hence, the rate of change of inventory level at any instant of time is governed by the differential equation
with ( ) = 0. The solution of differential equation (2) is
Consequently, the retailer's order quantity is
The sales revenue is
The ordering cost is OC = .
The purchase cost of unit is PC = CQ. The holding cost is
Next, we need to compute interest earned and interest charges for the retailer in the following two cases.
(A) Suppose ≥ .
Case 1 ( ≥ + ). Here, the retailer has sold all the items before the permissible time , so the interest charged is zero; that is, IC 1 = 0. The retailer spawns revenue from the beginning of the cycle and settles the account at time . So the retailer's interest earned per cycle is
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and interest earned on the generated revenue at the rate during [ , ], which is given by
Hence, the total profit per unit time for retailer is
where
(B) Suppose ≤ . Here, the retailer does not generate any revenue from the customer. So the interest earned by the retailer IE 3 = 0. The interest is charged for all the items and is given by
The total profit per unit time for retailer is
The goal is to maximize the total profit per unit time with respect to cycle time when items in inventory are deteriorating and having maximum lifetime. The nonlinearity of the objective functions in (11)- (12), (14) does not allow us to obtain the closed form solution. We analyze the model with numerical values for the inventory parameters in the next section.
Numerical Examples
The necessary condition to optimize profit function is to set ( )/ = 0 and follow the steps given below to select the best solution for the retailer.
Step 1. Assign values to all inventory parameters.
Step 2. For ≥ , solve 1 / = 0 and 2 / = 0.
If ≥ + , then compute total profit per unit time from (11) otherwise compute 2 from (12). By knowing optimum cycle time , retailer can determine order quantity using (4). Step 3. For < , the retailer's replenishment time can be calculated by setting 3 / = 0. Obtain the total profit per unit time 3 from (14) and order quantity from (4).
We consider the following examples to validate the mathematical formulation. Example 3. To demonstrate the scenario < , consider = 0.6 years and = 0.8 years. Then 3 ( )/ = 0 gives cycle time = 0.2260 years. The profit is $7516.68 and purchase quantity is 234.99 units. Figure 3 shows that profit obtained is concave.
Next, we study the variations in cycle time (Figure 4 ) and profit realization ( Figure 5 ) by changing inventory parameters as −40%, −20%, 20%, and 40%. The observations are as follows.
(1) (Figure 4 ) The retailer's cycle time is very sensitive to the credit period offered to the customer. Increase in (2) ( Figure 5 ) The retailer's total profit per unit time increases sharply when demand and selling price of an item increase. Settling the account at a later date is also beneficial to the retailer. Though maximum lifetime of product is uncontrollable, it can be controlled to increase the profit. The retailer can adopt advance facility to extend life of the product. Increase in purchase cost decreases profit drastically. The retailer must maintain the balance between the credit periods and . By placing orders frequently the retailer will increase the ordering cost. So the trade-off is also required to combat between ordering cost and credit period . Figure 6 shows how smaller delay period encourages the decision maker to buy more quantity.
Conclusions
In this paper, ordering strategy is studied for the retailer when the product has fixed lifetime and is deteriorating in nature. It is established that the retailer should intelligently decide the payment time for the settlement of the accounts to the supplier and from the customer. This will reduce the risk of default from customers. The future study for stochastic demand or fuzzy demand will be more practical. Further research can be on the analysis of risk reduction using reliability theory.
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